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Welcome to CUBIT, the Sandia National Laboratory automated mesh
generation toolkit. With CUBIT the geometry of a part can be imported, created,
and/or modified using an embedded solid modelling engine. The geometry can
then be discretized into a finite element mesh using a combination of techniques
including paving [1], mapping, sweeping, and various other algorithms being
developed. Boundary conditions can be applied to the mesh through the
geometry and appropriate files for analysis generated. CUBIT is specifically
designed to reduce the time required to create all-quadrilateral and all-
hexahedral meshes.

v How to Use This Manual

This manual provides specific information about the commands and features of CUBIT. It is
divided into chapters which roughly follow the process in which a finite element model is
designed, from geometry creation to mesh generation to boundary condition application. An
example is provided in a tutorial chapter to illustrate some of the capabilities and uses of
CUBIT. Appendices containing complete command usage, examples, installation instructions,
and a list of available colors are included.

The CUBIT environment is designed to provide the user with powerful meshing algorithms that
require minimal input to produce a complete finite element model. As such, the code is
constantly being updated and improved. Feedback from our users indicates that new meshing
tools are often needed and/or desired before they have been completely tested and debugged. As
a service to the user, these tools are integrated and made available as quickly as possible, but in
auser bewarestate. As they are further tested (often with the assistance of users) and improved,
the state of the particular tool becomes more stable, and thus the risk to the user is lowered.
Since documentation of the tool is necessary for actual use, we have included the documentation
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\
Ry

of all available tools in the manual. However, to warn the user, a “hammer” icon is placed in the
document next to those features that are only minimally tested or are in a state of work-in-
progress (See “hammer” icon in left margin). In other words, “proceed with caution.” Certain
portions of this manual contain information that is vital for understanding and effectively using
CUBIT. In order to highlight these portions, a “key” icon is positioned in the document next to
these sections. In other words, “this is a key point”.

This manual is Volume 1 of the CUBIT documentation set. The companion docurg&ilis
Mesh Generation Environment, Volume 2: Developers ManuahiBich contains internal
programming-related details of the CUBIT mesh generation environment.

This manual documents CUBIT Version 1.14, December 15, 1996.

v CUBIT Mailing List

A mailing list has been created to keep interested users informed of new features, bug-fixes, and
other pertinent information about CUBIT. The list can also be used for general discussions about
CUBIT. Users can subscribe to the mailing list by sending a mail message to
listserv@sahp046.jal.sandia.gov  with the body (not the subject) of the mail message
containing the line:

subscribe cubit  Your Full Name

The user would then receive a message confirming the subscription to the CUBIT mailing list.
More information about the use of the mailing lists can be obtained by sending the message
help to the above mail address. Messages are sent to the list by sending mail to the address:

cubit@sandia.gov

The CUBIT developers will be sending announcements of new CUBIT capabilities,
enhancements, and user-visible bug fixes to this list on a regular basis. In addition, this list may
be used for general questions regarding CUBIT that may be solvable by other subscribers to the
list.

An additional mailing list has been created for direct communication with the CUBIT
developers. All messages sent to this list will be distributed to the CUBIT developers only. It
should be used for questions that are not of general interest to other CUBIT users. Messages are
sent to the CUBIT developers by sending mail to the address:

cubit-dev@sandia.gov

v Problem Reports and Enhancement
Requests

v

All problem reports and enhancement requests for CUBIT should be sent to cubit-
dev@sandia.gov. These requests will be responded to as quickly as possible. As the number of
CUBIT users increases, it may be beneficial in the future to go to an electronic bug reporting
system; instructions for this system will be e-mailed to cubit@sandia.gov when appropriate.

Note: The existence and recommended use of an electronic mailing list to report bugs and
request enhancements is not an attempt by the CUBIT developers to ignore and or
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CHAPTER 1 Getting Started

discourage face-to-face discussion of problems with, or enhancements to the CUBIT
code with users.

v Executing CUBIT

Execution Command Syntax

Two versions of CUBIT are currently suppo&ed) a basic command line version which
outputs graphics to a standard X Window System graphics window, and 2) a command line
version with no graphics. Both versions can be run in “batch” mode, requiring no direct
interaction from the user. The commands to execute these versions of CUBIT on most systems
are simply:

cubit Command line version with X Window system graphics.
cubitb  Command line version with no graphics.

Throughout this manual, “CUBIT” will be used as a generic term that applies to all of the
executables. If it is necessary to specify a specific version of CUBIT, one of above names will
be used.

The command syntax recognized by CUBIT is:

{cubit|cubitb} [-help] [-initfile <val>] [-noinitfile] [-solidmodel <val>]
[-batch] [-nojournal] [-journalfile <file>] [-maxjournal <val>]
[-noecho] [-debug=<val>] [-information={on|off}] [-warning={on|off}]
[-Include <path>] [-fastq <fastq_file>] {<input_file_list>|<var=value>}...
where the quantities in square bracKetgtions] are optional parameters that are used to

modify the default behavior of CUBIT and the quantities in angle brasketses> are values
supplied to the option. The effect of these parameters are:

-help Print a short usage summary of the command syntax to the terminal and exit.

-initfile <val> Use the file specified byval> as the initialization file instead of the default
initialization file $.HOME/.cubit .

-noinitfile Do not read any initialization file. The default behavior is to read the initialization
file $HOME/.cubit or the file specified by thénitfile option if it exists.

-solidmodel <val> Read the ACIS solid model geometry information from the file specified
by <val> prior to prompting for interactive input.

-batch Specify that there will be no interactive input in this execution of CUBIT. CUBIT will
terminate after reading the initialization file, the geometry file, and the file specified by the
initfile option.

-nojournal Do not create a journal file for this execution of CUBIT. This option performs the
same function as thiournal Off command. The default behavior is to create a journal file.

-journalfile <file>  Write the journal entries to the fitdile>. The file will be overwritten if
it already exists.

1. Insubsequent versions of CUBIT, a single executable will be used for both graphics and no-graphics versions; graphics
behavior will be controlled through a command line option and/or a CUBIT command.
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-maxjournal <val> Only create a maximum afval> default journal files. Default journal
files are of the fornecubit.#.jou where # is a number in the range 01 to 99.

-noecho Do not echo commands to the console. This option performs the same function as
theEcho Off command. The default behavior is to echo commands to the console.

-debug=<val> Setthe debug message flags indicatedMay> . <val> is a comma-separated

list of integers or ranges of integers. An integer range is specified by separating the beginning
and the end of the range by a hyphen. For example, to set debug flags 1, 3, and 8 to 10 on, the
syntax would be -debug=1,3,8-10. Flags not specified are off by default. Debug messages are
typically of importance only to developers and are not normally used in normal execution.

-information={on|off}  Turn on/off the printing of information messages from CUBIT to the
console.

-warning={on|off} Turn on/off the printing of warning messages from CUBIT to the console.

-Include=<include_path> Set the patch to search for journal files and other input files to be
<include_path>. This is useful if you are executing a journal file from another directory and that
journal file includes other files that exist in that directory also.

-fastq=<fastq_file> Read the mesh and geometry definition data in the FASTQ file
<fastq_file> and interpret the data as FASTQ commands. See Reference [5] for a description
of the FASTQ file format.

The information following the last option on the command line consists of either input files or
variable definitions. Variables are specified by the syxaxiable=value> where variable is

any valid Aprepro variable name (See Reference [13]) and value is either a real value or a string
value. String values must be surrounded by double quotes. Input files are specified simply by
typing the filename. All files specified on the command line following the last option are
processed in the order they are listed prior to prompting for interactive command input.

An example of the use of the command line options is:
cubitb -batch -nojournal final_mesh.jou height=1.2345

which specifies thatubitb will execute the commands in the fileal_mesh.jou unattended.
The Aprepro variabldeight will be defined to have the value 1.2345. This mode is typically
used to recreate a previously generated mesh with no user interaction.

The command options can also be specified throug@tHaT_OPT environment variable.
See the “User Environment Settings” section below for more information.

Initialization File

If the file $SHOME/.cubit or the file specified by the optiondlitfile <val> option exists when
CUBIT begins executing, it is read prior to beginning interactive command input. This file is
typically used to perform initialization commands that do not change from one execution to the
next, such as turning off journal file output, setting geometric and mesh entity colors, and setting
the size of the graphics window.

User Environment Settings

To execute CUBIT several environment variables must be set. In particulaH@MEE”,
“PATH” and "DISPLAY” variables. TheHOME environment variable is typically set
automatically when you login to a system. Its purpose is to provide a pointer to your login
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directory. ThePATH, on a Unix system, is a list of directories that are searched for commands
to be executed. Proper setting of the path is system-dependent; if CUBIT does not execute
correctly, contact your system manager or another CUBIT user for the correct setting of the
PATH specification.

The X Window System-based command line input version of CUBUDI{) requires the
specification of theDISPLAY environment variable which is used by the application to
determine where the graphics window should be displayed (and which screen should be used on
displays with multiple monitors).

CUBIT can also read the environment variaBldBIT_HELP_DIR for use with the online
hypertext help system. This variable should be set to the pathname specifying where the CUBIT
help filecubitHelp.hlp is located. The person responsible for installing CUBIT on the system
should be contacted for this information.

Another useful environment variable @JBIT_OPT which can be used to set execution
command line parameter options. For example, if journalling of commands is never wanted,
then settingCUBIT_OPT to-nojournal will turn off journalling for all CUBIT executiorls

Graphics Customization

Settings for the default CUBIT window sizes, locations, colors, and fonts can be set in the
Xdefaults or.Xresources resource files in the user's home directory. This file is a text file

that can be edited with any standard UNIX text editor. In the resource file, each resource must
be on a separate line. The resource setting consists of a resource label, a colon, one or more
spaces or tabs, and the resource value. For additional general information on resources, see X
Window System documentation; a readily available documentation source is the RESOURCES
section of the X(1) manual page which is usually installed on most systems.

A CUBIT resource label begins with the word “cubit” followed by an asterisk or period,
followed by the specification of the resource. For example, to specify that the CUBIT graphics
window should be 700 pixels square rather than the default size, the following line should be
added to the resource file:

cubit*CUBIT.geometry: 700x700+445+0
For example:
cubit*XmTextField*background: LightBlue

This line states that the background of all text fields ircthst application will be the color
LightBlue. Colors can normally be found in thesr/lib/X11/rgb.txt file on your
system. For additional information abo(defaults or Xresources files, see the application
defaults section in any X Window user’s book.

v Command Syntax

The execution of CUBIT is controlled either by entering commands from the command line or
by reading them in from a journal file. Throughout this document, each function or process will
have a description of the command required to perform the function or process. In this section,
the command syntax used in this manual will be described. The user can obtain a quick guide

1. Journalling could then be turned back on with the “Record” command.
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to proper command format by issuing theeyword> help command. This help message will
indicate the full command syntax expected by the keywords. For example, evienirigelp
results in the following output:

View At <X_coord> <Y_coord> <Z_coord>
View From <X _coord> <Y_coord> <Z_coord>
View List

View Up <X_coord> <Y_coord> <Z_coord>

The words that begin with an uppercase letter are keywords which must be entered (case is not
significant) and the bracketed words are user supplied parameters.

The commands recognized by CUBIT are free-format and must adhere to the following syntax
rules.

« Either lowercase or uppercase letters are acceptable.
» The #” character in any command line begins a comment. #harid any characters
following it on the same line are ignored.
Each command typically has either:
* an action keyword or “verb” followed by a variable number of parameters, for example
Mesh Volume 1

« or a selector keyword or “noun” followed by a “verb” or “selector keyword and a variable
number of parameters, for example

Volume 1 Scheme Project Source 1 Target 2

The action or selector keyword is a character string matching one of the valid commands. It may
be abbreviated as long as enough characters are used to distinguish it from other commands. The
meaning and type of the parameters depend on the keyword. Valid entries for parameters are:

» A numeric parameter may be a real number or an integer. A real number may be in any legal
C or FORTRAN numeric format (for example, 1, 0.2, -1e-2). An integer parameter may be in
any legal decimal integer format (for example, 1, 100, 1000, but not 1.5, 1.0, Ox1F).

» A string parameter is a literal character string contained within single or double quotes. For
example,Thisisastring’ .

 Afilename parameter must specify a legal flename on the system that CUBIT is running.
Environment variables and aliases may not be used in the filename specification. For
example, the C-Shell shorthand of referring to a file relative to the user’s login directory
(~jdoe/cubit/mesh.jou )is notvalid. The filename must be specified using either a relative
path (./cubit/mesh.jou ), or a fully-qualified path/biome/jdoe/cubit/mesh.jou ). Like a
string, it also must be contained within single quotes.

» Some commands require a “toggle” keyword to enable or disable a setting or option. Valid
toggle keywords aregh”, “yes”, and ‘true ” to enable the option; an@ff”, “no”, and
“false " to disable the option.

The notation conventions used in the command descriptions in this document are:

* The command will be shown in a format tluaiks like this

» A word enclosed in angle bracketpéarameter> ) signifies a user-specified value. The
value can be an integer, a range of integers, a real number, or a string. The valid value types
should be evident from the command or the command description.
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» A series of words in braces and delimited by a verticabhoicel | choice2 |
choice3} ) signifies that one of the words within the brackets must be entered.

« A word enclosed in square brackdtgptional] ) signifies an optional parameter which can
be entered to modify the default behavior of the command, but is not required.

An example of this command syntax is shown below.

{volume|surface|curve} <range> size <size>

volume 1 size 0.5 Valid

surface 1 to 10 by 3 size 0.05 Valid

volume 10 to 1 size 0.05 Invalid — negative increment

volume 10 to 1 by -1 size 0.05 Valid

surface 1 10 size 1.0 Invalid — not a valid range specification
surface 1 to 10 interval 5.0 Invalid — “interval” requires an integer

Identifier Ranges

Integers are used to identify various types of objects in the model. For example, a model might
have 3 volumes, numbered 2, 3 and 5. Commands entered by the user often apply to multiple
objects; the ids for these objects can be specified using id ranges. The parsing of id ranges in
CUBIT is done according to the following syntax:

<id_range> =nl n2 n3 Selects ids n1, n2 and n3

<id_range> =nlto n2 by n3 Selects identifiers between nl1 and n2
stepping by n3

<id_range> = all Selects all identifiers for a given
object type

Note that the first two varieties described above can be used in sequence to describe an arbitrary
identifier range; for example, the following range specification is valid:

<id_range> = nl n2 n3 to n4 by n5 n7 to n8

In addition to the using general identifier ranges described above, geometric objects can be
specified by topological relationship and other criteria; for more information, See “Geometry
Entity Identifier Ranges” on page 65.

v Features

The CUBIT environment is designed to provide the user with powerful meshing algorithms that
require minimal input to produce a complete finite element model. CUBIT is based on a solid
modeler that provides it with a precise geometric representatiorpaMiggalgorithm [1] has

been extended to mesh complex three dimensional surfaces based on the solid modeler.
Volumetric meshing is provided by mapping transformations and sweeping algorithms. Several
guadrilateral and hexahedral element types are also supported. The following sections provide
a brief overview of the CUBIT meshing toolkit.
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Geometry Creation

Geometry creation is accomplished using the geometric primitives and boolean operations in
CUBIT or by reading an external solid model file into the CUBIT meshing toolkit. External
solid model files can be created from any of several environments that support thesads

model format: a rudimentary command line system, referred to as the “test harness [4],” is
useful for building quick and straightforward models. Other more advanced environments
include the ArieS ConceptStation and PRO/Engineer via a PRO/Engineer/ACIS translator.
Models from FASTQ [5] input files can be imported into CUBIT and meshed.

Algebraic Command Preprocessing (APREPRO)

Many analysts use the Aprepro [13] program to preprocess commands and journal files which
contain algebraic expressions. The Aprepro algebraic preprocessing capability has been
implemented into the CUBIT command parser. The full Aprepro functionality has been
included except for thenits , andloop commands.

Geometry Consolidation

When assembly solid models are imported into the CUBIT environment, many surface, curve,
and vertex entities will be redundant. To resolve this issue, the automated geometry
consolidation or “merge” routines will identify matching entities and make database
modifications to remove the redundancy. Geometry consolidation can also be interactive, in case
certain redundant features need to be retained to represent slide surfaces or slide lines. The
geometry merge capability eliminates the generation of non-contiguous elements between
adjacent surfaces and curves which would have to be removed after meshing.

Geometry Decomposition

Solid models imported into the CUBIT environment sometimes consist of combinations of
simple geometric volumes, for example a plate with a cylinder projecting out of it. These
geometries are also sometimes constructed within CUBIT. Currently these geometries must be
decomposed into topologically primitive lumps (cylinder, brick, etc) before being able to be
meshed. CUBIT contains functions which aid in the decomposition of complicated geometries
into meshable pieces.

Supported Element Types

Element types supported in CUBIT include 2 and 3 node bars and beams; 4, 8, and 9 node
qguads; 4, 8, and 9 node shells; and 8, 20, and 27 node hex elements. Element types must be set
before mesh generation is initiated.

Mesh Creation

Mesh generation in CUBIT is designed to be highly automated although numerous control
mechanisms are provided to allow the user to guide the meshing process. Meshing is controlled
through scheme choice, and interval number or node density specification. Curve meshing
schemes include equally spaced and biased spaced intervals. Surface meshing schemes include
mapping transformations, paving, boundary layers, and primitives. Volume meshing schemes
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include mapping transformations, mesh sweeping or projecting, multiple surface sweeping, and
submapping. In addition, automated volume meshing algorithms are being developed.

Boundary Condition Application

Once a suitable mesh has been generated, elements can be grouped into sets using three control
classes: element blocks, nodesets, and sidesets. Numeric flags are associated with these sets
allowing analysis codes to apply appropriate boundary conditions to the correct mesh entities.

Element blocks are used for efficient storage of a finite element model. Within an element block,
all elements are of the same type (basic geometry and number of nodes) and have the same
material definition.

Nodesets provide a means to reference a group of nodes with a single identification number
rather than by each node’s identification number. Nodesets are typically used to specify load or
boundary conditions, or to identify a set of nodes for a special processing within CUBIT. A node
may appear in multiple nodesets, but will only appear once in any single nodeset.

Sidesets provide an additional means of applying load and boundary conditions. Unlike
nodesets, sidesets group sides or faces of elements rather than simply a list of nodes. For
example, a pressure load must be associated with elements rather than nodes to apply it properly.

Nodes, element edges, and eleme